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LETTERS  TO  THE  EDITOR 
[Brief letters to the Editor that make specific scientific reference to papers 
published previously in THE JOUm~AL OF GENERAL PHYSIOLOGY  are in- 
vited. Receipt of such letters will be acknowledged,  and those containing 
pertinent scientific  comments and scientfic  criticisms  will  be published.] 
Dear Sir: 
A series of papers concerning the influence of medium dielectric constant and ionic 
strength upon trypsin and chymotrypsin kinetics has recently appeared in this journal 
(1-5). The following two difficulties arise with the interpretation of the data by the 
authors, Castafieda-Agull6 and Del Castillo. 
The first difficulty is an  apparent contradiction of the very equation in terms of 
which  the  data  are  interpreted.  Castafieda-Agull6  and  Del  Castillo  have  assumed, 
following Amis (6--8), that an equation of the form 
Q 
kD  =  k®e  -I)RT"  (  1 ) 
o 
applies, where kD is the rate constant at dielectric constant D, ~  is the electrostatic 
part of the Arrhenius energy, and k,~ is the rate constant at the same temperature but 
infinite dielectric constant and is, therefore, independent of D. In the absence of an ex- 
plicit statement of the temperature dependence of k,o one might assume that 
ko~  =  Ze  -a---i  (2) 
where Z  and ~  are, now, necessarily independent of D.  Equation  1 for the rate be- 
comes 
kD(T)  =  Ze  ~Te  DR~"  (3) 
Now, the value of Q  may be determined in two different ways: 
k(~)  1 
1.  A  plot of logx0  versus ~) should yield,  at constant  temperature,  a  straight 
line of slope 
°lOgl0(  )_ 
from which Q and, hence, Q  may be evaluated. 
( ko  (r))  1 
2.  Plots of logx0 \kv(To)]  versus ~l"  at constant D, for  two  distinct  values of D, 
xo39 
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D1 and D2, permit evaluation of Q from the difference in slopes 
log10 (k'a(r) ~  0 1ogt0 (k,s(r) ~  Q  1 
0  \ko,( o)j  ;;) 
A necessary condition binding on the validity of Equation 3 is that the same value 
of Q shall  be obtained from procedures  1 and  2  above.  Castafieda-Agull6  and  Del 
Castillo have obtained data  (1, 2) which permit evaluation of Q by both methods in 
four cases.  The enzyme and substrate for each case are listed below along with the 
values of ~,  where 78.5 is the dielectric constant of water, determined for that case 
according to methods 1 and 2. 
Q1  Q, 
78.5  78.5 
Trypsin-BAEE*  --1620  43,200 cal/rnole 
Chymotrypsin-TEE (A)  +4300  --27,000  " 
Chymotrypsin-TEE (B)  +6500  --27,000  " 
Chymotrypsin-TrEE  q-3400  50,000  " 
* BAEE is benzoyl :-arginine ethyl ester; TEE is L-tyrosine  ethyl ester; TrEE is L- 
tryptophane ethyl ester. (A), (B) are obtained in different solvent systems. 
0 
The disparity in the values of ~  determined by the two methods clearly denies 
the validity of Equation  3.  Thus,  either Equation  1 or  2,  or both, are also invalid. 
Since reaction rate constants generally have a  temperature dependence substantially 
similar to that of k~ of Equation 2,  it seems likely that it is Equation  1 which is in- 
correct; specifically, it seems likely that k~ is not independent of D,  contrary to the 
1 
assumption of Amis (7-9). It follows that a  linear plot of log10 kD(T) versus ~  does not 
necessarily confer validity on Equation  1, but only on an equation of the form 
L 
kD  =  Ae  -~  (4) 
where A  and L  are functions of T  and independent of D. 
The cause of the apparent failure of Equation 3 has not yet been ascertained. Likely 
possibilities are the following: 
(a)  The pk's of important ionizable groups may depend upon the dielectric con- 
stant,  thus leading to  a  change in  pH optimum.  The measured rates  are all 
taken at pH 7.8 so that a  shift of the pH optimum of activity could introduce 
spurious results. 
(b)  Additional effects, such as alteration of water structure, accompany changes in 
dielectric  constant.  These  effects  may  produce  changes  in  rate  directly  or 
through changes in the enzyme structure. LETTERS  TO  THE  EDITOR  IO4t 
The second difficulty concerns the interpretation given to the sign of the slope 
0 logi0  K(~) 
0(;) 
by Castafieda-Agull6 and Del Castillo. Following Antis (8)  they interpret a  positive 
slope as implying a  positive ion-dipole reaction and a  negative slope as implying a 
negative ion-dipole reaction. This is in accord with Equation 6 of Amis (8) : 
Z~u  ( 5 )  In kD  =  In k~ +  DkTr-----  ~ 
where Ze is the ionic charge,/~ the dipole moment, k Boltzmann's constant and r the 
distance between the dipole and ion. However, Equation 5 is correct only for the case 
in which the ion lies on the axis of the dipole and is at the positive end of the dipole, 
since Equation 5 actually is an approximation to a more precise equation (8), 
Z~t~ cos 0  ( 6 ) 
lnko  =  Ink~ +  DkTr  ~ 
where 0 is ~- -- ~p, and ~o is the polar angle between the dipole vector and the radius 
vector of the ion (9),  in accord with Equation 3 of Amis (8).  There is no apparent 
justification for the assumption that the ion lies at the positive end of the dipole irre- 
spective of the sign of the ion. It is only the sign of the electrostatic activation energy 
which is inferred from the slope. If the electric field of the enzyme at the active site is 
known, then the orientation of the charge distribution of the substrate may be esti- 
mated from the  sign of the  interaction energy.  It may well  be  that  the  principal 
activation energy is due to a dipolar separation of charge along the hydrolyzing bond 
in the critical complex. The orientation of this dipole in the electric field at the active 
site may be inferred (within a  solid angle of 2~r) if the field direction is known, and 
conversely. 
However,  actual interpretation of the sign of the slopes must await resolution of 
the difficulties encountered in the application of Equation 3 as discussed above. 
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